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J^gi2 0 0 3 - 1 0 0 7 5 8 ^-v: 

im^mi] V^-^A (Li) -?yify (Mn) <!:. ^nA (C r) 
(Ti) , -W^^i^^u (Mg) ^J;t;^'T;v^ ^•:7A (a l ) ij^hta 

tt'l) ';^'!7A(7)-T>:^*>, iJ-nA, -7i^*;T> v-^/, j3 j^^T';^^ ^,^/,(7) 

-^Ittciti- ^Mit(i. ^;i-JtT\ 1 <t ^:^|:v^c<b^#i!c<h1-^IE;^t>tfl-o 
[if>|t:^2l I^IB^'^m^btJti^ <b^^L iaMnb Crc Al i_b_c O 
d (^4'> a, b, c*5J:D^dti. 1. 0<a<l. 6, 0. 5<b + c<l, 
1. 8<d<2. 5(7)|EHrt<7){jt-e*)^) -e^^tt^C<h^#m<5:1-^ii>|t:gl 

[it^:^3l BUlB^I^^'fbtKix -fb^^L i i+e (Mnf C r'g Mi_f_g 

) 1-e Oh Mti^iJ'^, -7^^*;^ v-^ Ai3j;0='T;i^^ ^-^AtJ^^^^^cT) 

^ *><7)^->^ < i: l@<7)7E;^-e^>^o e, f, gi^itfhfi. 0<e<0. 4, 

0. 2<f<0. 5, 0. 3<g<l, f+g<l, 1. 8<h<2. 5 OfEH 

[iH>l^]^4] 'J^-^A (Li) <!:. -^y-ffy (Mn) i:. ^nA (Cr) 

(T i ) , -x-^'T-^v-^A (Mg) io J:t/T;i-^ A (A 1 ) 

luiBIEMti. V^-^^A (Li) i:. -^yify (Mn) ^^nA (Cr) 

(Ti) , -^^^-^y^U (Mg) i3j;t;''T;w^-'^A (A 1 ) ii^hti:^^ 
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[m^me] mm^M^mit^it. it^^L laMnb Crc Al i_b-c O 
d (^4^. a, b, ci5j;tFd(i. 1. 0<a<l. 6, 0. 5<b + c<l, 
1. 8<d<2. 5<7)|EHrt<7)1ST'*>l») X-m^m,:it^!WWit-thm^m5 

[li^:^7l Htrffi^'^^'ftt/ti^ <b^^L i i+e (Mnf C rg Mi_f_g 
) i_e Oh M(i^^>, -7ir#.v'i7A:fcJ;?/T;l^^::^'>A^-^^^S^<50 

^ -^(T)/}.-;^ < t ^ 1 fl<7)7n^-e^-5)o e, f, gioctC/h(±, 0<e<0. 4, 
0. 2<f<0. 5, 0. 3<g<l, f+g<l, 1. 8<h<2. 5 <^ltH 

[0 0 0 1] 

^§tmit^ (Li) -^yify (Mn) ^nA (Cr) ^ 

^> (Ti) , -7^-;^v>^;A (Mg) i3 J: r/T;v ^ A (A 1 ) ;6>^>;5r^S^<7) 

[0 0 0 2] 

n^^t^^X^^^j:t'(Dmj^.'k^LX\^^i>o 
[0 0 0 3] 

, M0S2. NbSe2^)^<^^fiV2 05 ^ V ^ -t? A ^ v^-fb-^t/^ ^ 

fctiL i MO2 (M=C o, N i , Mn, F e ab-Sv^tiL i Mn2 O4 ^ 
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It 

[0 0 0 4] 

C:<7)9 -^L i C o 02 ti. ';^'^A#ffimfitC*tLT*^4 VO^fi^^-t-BIE 
^>^®lci3\/^-caig.fitJ4^IE^#*4-T-^)'l)o L;{>-L. Lr<7)C o 

[0 0 0 5] 

-e-t:-, L i C0O2 l<zitt>^)^ LTMt;#^EL^jiffi4--y'^;i- (N 

[0 0 0 6] 

[#^#lt:tm 1 ] 

ectrochemical and Sol id-State Letters )J> 2000^. 3^^ 8^. p3 
5 5 

■<f J.]y^Vu^^ij)l' (Journa 
1 of The Electrochemical Society) J. 2002^. 149^. 4^. pA4 
3 1 

[0 0 0 7] 

L^-L^j:^^h. L i N i 02 ti^ mmmm^±^<:^-'^Mikmmii^^ir^i> 

[0 0 0 8] 

tfz^ iE>^tf:TWl/^ittr^i-^L i Mn2 O4 {i. L i C o O2 tm^<7)-^^^ 
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[0 0 0 9] 

m^m^^^i-^ L i Mn 02 {i^ L i Mn2 O4 J: 0 ^i^^M^ff^S 
[0 0 10] 

^^A^^^miz^^^-^fzh i2+x Mno.9ic ri.0904 ^^ ^MuntLxm 

{i. ^ ^y-;l'^^tS:Mlwfflv>fcv#^4'R/ST'Mno.9iC r 1.09O4 =^^^t/i 
(7)%, U^-^Ail^Mno.giC r 1.09O4 ^M^OT^^^-CMJiSli-^ ^ i J; 19 

[0011] 

#^#^::i:m2 tcti. L i 1.2 Mno.4 C ro.4 O4 ^^^IEMMf4t LTti 
2. 5 V^-e^feW^-^-T^c^i^. 2 5 SmAhy gCD^^m^mmm:. 17 3m Ah 

[0 0 12] 

[0 0 13] 
[0 0 14] 

mm ^ m-ik-r ^fz^ (o^m 
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2 0 0 3 - 1 0 0 7 5 8 v : 5/ 

I 

[0 0 151 
[0 0 16] 

^ -H7A5{)-ib^^S^(7)9*><7)ii'-^< i:^ iM.h^-^tflS'^m^ttJ^^^-L. ^<7) 

r)V^:z-^A(r)^%\KM-^:hm.m.it\i. ^)V^X\ \ i.^ i^±^\^^^<DXhho 
[GO 1 7] 

[0 0 18] 
[0 0 19] 

[0 0 2 0] 
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#SS 2 0 0 3- 1 0 0 7 5 8 ^- v : 6/ 

[0 0 2 1] 
[0 0 2 2] 

[<b 1 ] 

LiaMnbCrcAl i_b_c Od 
a, b, ci3J:?7d(i. 1. 0<a<l. 6, 0. 5<b + c<l, 1 
. 8<d<2. 5<7)|bH|^<7)^-C^)^o 
[0 0 2 3] 
\VC2\ 

L i i+e (Mnf C rg Mi_f_g ) i_e Oh 
M{i^^>, -^^'^-^v-^A j3j:?/T;i/^ --^ A75^ib=^^^co^ -t><7)/J.^/^ 
< <i: ^ ltt<7)7n^-e^)^o e, f, g43j:t/h{i. 0<e<0. 4, 0. 2<f 
<0. 5. 0. 3<g<l, f+g<l, 1. 8<h<2. 5 <7)$gH|*i(7)^-e^ 

[0 0 2 4] 
[0 0 2 5] 
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[0 0 2 6 1 

it\i^Xmt2\,zio\^^X. •J^'^Aoa^a, 1 + e (i 1 y^^ib 2 <7)|EH 
i*i-e^^i-^«i t75^'r'i^:«^ i<a<i. 6. i<i + e<i. 4 tm^ir^ 

{i. 1. Ka^l. 55. 0. Ke^O. SS-Ca^^o 
[0 0 2 7] 

fkl ioJ:?/'fk2 tijsv^T. ■r>:*->t ^UA iro-a-ttoa^b + c , f + gii 
0:d^h l<Dmm[^XMiR'r^Zt:^^X^^:^K b + c =^ 0 . 5 X ^ < , g 

^0. 3 XlO i>±^ <M^i-^<7)ti. a^b + c, gTi^Vh^v^^: W K-y 

cO|gH(i, 0. 6<b + c< IT'^b^o tfz. f^O. 2j:i9^±^<0. 5 
[0 0 2 81 
[0 0 2 9] 

[0 0 3 0] 
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^ o 

10 0 3 1] 

LT> -^Jxt^. im.iV)'f-^^ (L i OH • H2 O) . mm.-^yify (MnCO 

3). mm^u-u (c r (N03 ) 3 • 9 H2 o) ) ^h\^^t7im\t^^^ (l i 

OH • H2 0) . mit^^ y (T i O2 ) > im.i\:-7^^^-'y^^ (Mg (OH) 
2 ) > iiXxmmr)v\-^A (A 1 (NO3 ) 3 • 9 H2 O) ^fflitL. ^» 
(x-r-yT'S 101)0 ;gf4t;{i±^ELf^^(7)(7)jtfet;^. ^S^^il 

10 0 3 2] 

\£~x^)v\zxv)i^^jsx.xffm-rh (XT-y-7°s 102)0 m^^x^ ^^^^r^-^ 

tf^fOx.tira^^H^^'-eMJifei-^ (;^xy7°s 1 0 3) o ^fi\zi.^i\:\\z^ 

[0 0 3 3] 
[0 0 3 4] 

4 t:fyK -fe/N-v-^ 1 5i:i^Lxmm^tifzi><r>x$>:ho ^m^i lisxmm 
■i<D\^u^imx(D'mm'^xh:hm.mwL\ ^Kxnmtz^iy-xii^ ^ 

1 lioXmmti y y 1 3 (DmrnrntrnMifT.^ y V l 7 ^^LXi)-\^isbhit 
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#11 2 0 0 3 - 1 0 0 7 5 8 ^- v : 9/ 

(0 0 3 5] 

^ o 

[0 0 3 61 

rnmty^^ yrtim'^LxjEm^m^mmLfz<Dib. ^<7)iEm^M^f±mf^m 
i>x\^^o 't(Dm. jEmumi^<^ttm^^xi,. tm^^xm^^xi^t-tbibxii 

[0 0 3 7] 

xmm^tixy^^^o ')^^M.^m.m-mMm^^j:umtLxii. mK.i£. 
tih(D\.^irM^imtfzii2miii±^m^Lxm^^<bti^o Rmmmt lxh 

LTtiSnS i O3 S n O2 ^ ^'<7)^fttJ;<>^'^tf "b^h,. mW,i±^°V-7t 

[0 0 3 81 
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[0 0 3 91 

mLfzmmt^tix\^^xi>x^^o 

[0 0 4 0] 

mmmieit. mt^znmMiM.tLX')^^2^iM.imm^'tfzi><7)x^^. v 
^^^mi)mm-r^zt{zx<o4:t>i^mn^^'rx'7iz:^j:'ox\^^^o 

iM.t LXit. LiPFe, LiC104, LiAsFe, LiBF4, LiCF 
3 SO3 ab^v^fiL i N (CF3 SO2 ) 2 t'^^MMX $> ^ . znh(Ddib<D 
\^^-rti:d-im.tfzli2 miik±:^m'^ LXm^^hi^^o 
[0 0 4 1 ] 

— ^^—Y^ tf— — if^>- h , y—'T^u^^yy^ 1, 2 

-V ^ y ^^y:x^^ y ^ 1, 2 -VJ^y^^y:^^ y ^ 2 - ^ ^^l^x h ^ H Kn -7 7 
3-^^;V-l, 3-v:t^y7>. ynii;e->^^^;l/, 

>imVi^mW^i L < . .m^(7) 9 'h(r>\^^-fM^ 1 ffiS 2 ®M±;^^71'^L 
[0 0 4 2] 

rniHf 2004-3004914 
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^-v: 11/ 



[0 0 4 3] 

ML. m^fft 1 6 *irhLr:ft® 1 4 n^ttit /c(i(S)^^;fi^o J^m^^f o m 

^1 2 tcn^^$n'i)o ^^T'{i. lEUl 2i3^-7yify^i:Xf!7UU\>zm^X^^ 

y, V ^-^i^ 'y Ais xv^r )u ^ :=-'y A-^^i^fj: ;bn(Dn -^o^-^ < ti> imi^ts- 

[0 0 4 4] 

fz. ^ 'y j^^igmiiz^isx^ izL fz(Dx\ ^mmti: 2i'ol^±^'t^^ti;)^x 
[0 0 4 5] 

^ ^m-r^ ^'-kWM ^ t# ^ ^ <h i}^x § <2) o 
[0 0 4 6] 

[0 0 4 7] 

tfz. ■^'mm(D'fim\z^^^^mm(omm.-^mzi:mt, wM^u^ir^m^z 

> y-)vtfzi,tii^^^%[Mtvxmy^^hXn\zLfz<DX^ ffi^tz 
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[0 0 4 8] 
[0 0 4 9] 

mmm 1 - 1 - 1 - 3 ) 

^j:^xnizmnmi-i-i-3X'mt^'txnMLfz mi ; ^T^y-rs i o 

^-t^iz^^ • m-^Lfc (mi : y^-r-yys 1 0 2#Bs) o m^^x^ nfzw^ 
^^im.mwm^^i^zio\y^x e 5 0VX2 4mmmffiLfz mi i^^y^y-^si 

Mnb C rc A 1 i_b-c Od ^^^LfZo 
[0 0 5 0] 
1^1] 









LiOH 
•H2O 


MnCOa 


Cl(N03)3 

•9H2O 


A1(N03)3 
•9H2O 


mmm i-i 


1.5 


0.45 


0.45 


0.1 


Lii.5Mno.45Cro.45Alo 1O2 


I^JS^?!) 1-2 


1.5 


0.5 


0.4 


0.1 


Li 1 .sMno.5Cro.4Alo.1O2 


HJfe^J 1-3 


1.5 


0.5 


0.3 


0.2 


Lii 5Mno.5Cro.3Alo.2O2 


i:bgS^?iI 1-1 


1.5' 


0.5 


0.5 


0 


Lii,5Mno sCro.502 



[0 0 5 1] 

Whtifz^mM 1-1-1 - sco^-^m^ftJ^tiov^T. n^xmm^^^'^-y 

^rvfliJ^L/^o Xl^milf^Mtcfi'; ;^7'^ R I NT 2 5 0 0 (Dm^mmmMi M^^^fz 
o ^i3. C<7)X|||lIiff^«(±. n'-:^^-:?' i: LT^^mM^^Sl 8 5mm<0^ 
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tLXCuKa (40k V. 100mA) m^K mm^zM-t XMf^&D s 
S S=S:0. 1 5mm^ (^SIEH 2 ^=10° ~8 0° , 

[0 0 5 2] 

0 3 ^;'ecoxl^lll^;f^^°:5^->^^-t-o iii3/i-'b. i - 1 - 1 - 

3<Dm^mitmiiy^^-rtii>m^mm^m-r^L ia Mnb crc Aii_b_c Od 

1° i>z:r-m.'^^7j^-r^~i:^:^mi)-iz^htifzo 

[0 0 5 3] 

Mtw. ^ibtLfcll^ill - 1 ~ 1 -3<7)^>^^>f[:tJ^fflv>-r. m2K7r:LtzX 
[0 0 5 4] 

'j vy^m^^xigmL. ^-:^hm<D]Em^mtLfzo ^Emun, r-t^ 

"f-lyyy^ y i7 1 OnM%. ^°')y yit^-')T> 5Mm%tLfZo ^v^T% CI 

=fy (A r ) ^vjfL't>t;i3\/^-C 1 0 0 °CX 1 mm^i.-m^'^. JEm 1 2 <h Lfzo 
[0 0 5 5] 

PFe ^imo I y i(Dmmxmm^^fzii(D^m\^^fzo mm(7)±^^it. 
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20m^l^ i^^l. 6mmtLtio 
[0 0 5 6] 

t/::> 5EJicm(i^coJ: ^ (CLT^fofco t-f. ^mm.r-mmmj±:^^ 4 . 5VH 
it-f ^ t-e^mv)iL5iEll*^fo7t:<7)-t,, 4. 5 V (D^mK-^MWi:^^ 0 . 0 5mA/ 
cm2 mT<h4^^S-e^mE^m^^f o/Zo -^v^-e. ^«v)fLtrm?lfe«l±7&^ 2 . 5 
VtCiti->& tT'^miti&m«:^To/io -eoi^. «l<7)5£S5cm{±'^7a (2 3*C) 

[0 0 5 7] 

1114 mi»a 1 - 1 (D^mmmu^. m 5 i,zmmm 1 - 2 <D^mm.mwi^ixm 
LT^-t-^^tc, meizmmM 1-1-1-3 \ziQn:^WiM.^m.<D^^ ^)\^w\iz 

[0 0 5 8] 

m2\ 





^S^* (mAh/g) 


ikWM-M. (mAh/g) 


mmm 1-1 


303 


216 


Mikm 1-2 


325 


239 


mmm 1-3 


281 


181 


1-1 


296 


223 



[0 0 5 9] 

^mm 1-1-1-3 [zn-fhitm-m i-it lt. wMmi^'^)\^if^m. 1 
tc^LTtij; d KUx.fzz.t^w^^. mmm 1-1-1-3 tnmzx^x^i 

LfzUlk<Dm.'km.imh ii.5 Mno.s Cro.5 O2 ^^^Lt^o iticfll 1 - 1 

(i T ;u 5 - A ^ ^ S v ^ ^ (7) -e ^ ^ o 

[0 0 6 0] 

jticfiji - i<7)^^^<bt?i^ou>-c^. mmmi- 1-1-3 tmmzx^x^ 
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. whi^ifzitmmi-KDm^mit'^im^m^^mr^L ii.5 Mno.5 cr 

0.5 O2 -eab'S^iiTS^'^^^-o/io «^?fll -1-1-3 (hlffl^litz, I^j2 1 

[0 0 6 1] 

u^7f:-tt^K. me izmmmM(7)-^4 ^ j\^mzx^mt'kmMM 1 - 1 - 1 - 
m^&immm 1-1-1-3 <r>m^t^i?'txmiro 

[0 0 6 2] 

meKTj^LfzX^ iz, t;i-^ A#tp||JiFi| 1 - 1 ~ 1 - 3 t;v 

^ - H;/,^^;^^,.J^;^^ul _ 1 J: J9 mixfz^mm^^ ^ )i^^mmhtLfzo 

ir^j:t>-h. '^^^•ff>iiXZ/^uJ^izlJUx.xr)i'^^^A^^t^XoK-ttiif. IS 
[0 0 6 3] 

mmm 1 - 4 - 1 - e ) 

WM(om^^)i^iti:m3 i^ZTjkLfzX') K^x.fzZt ^m^. I - 2 tm 

m^z LXm3 ^Z7rsLfzm.m<7)m^mit^L i a Mnb C rc A 1 i_b_c Od 
EL. =r-f >M<7)m?tfe^j^mL/Co ^M^Jl -4~ 1 -6(i';^->A<7)MEa^ 
^x.fzZt^J^.^. ^»J1 - 2 tm.^i:m~t Lfzi>(DX$)^o 
[0 0 6 4] 
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[^31 









liOH 
•H2O 




Cr(N(>j)3 
•9H2O 


.AI(N03)3 

•9H20 


mzM^l 1-4 


1.2 


0.5 


0.4 


0.1 


Lii.2Mno.5Cro4Alo 1O2 


HWlI 1-5 


1.4 


0.5 


0.4 


0.1 


Li1.4Mno.5Cro 4AI0.1O2 




1.5 


0.5 


0.4 


0.1 


Lia.sMno 5Cro.4Aloi02 


^JS«»J 1-6 


1.55 


0.5 


0.4 


0.1 


Lii 55Mno.5Cro.4Alo JO2 


1-2 


1.0 


0.5 


0.4 


0.1 


Lii oMno.5Cro.4Alo 1O2 


tb^M 1-3 


1.6 


0.5 


0.4 


0.1 


Li 1 .gMno 5Cro.4Alo. i O2 



[0 0 6 5] 

m^m 1 - 2 , 1-4-1-6 \zn-rh]AMm 1-2, 1-3 1 lt. wM^^y 

m3I^Z7jkLfzm.^(Dm^mit^L iaMn]y Crc Ali_b_c Od ^^&L. 3 
[0 0 6 6] 

mmm i - 4 ~ i - 6 ^3 j; zntmm 1-2, 1-3 coit-^^^btft^ov^r ^ . 
mmm 1 - 2 tmmi^z Lxn^x^m^H^^ ^ - y ^wmL/zo m9^zmmm 1 - 
4-i-6<Dxmmm^^^~>immmi-2<Dm^t^i?^x7j^-ro ttz^ m 
1 0 izitmm 1 - 2 (Dxu^m^^^^- > =sr. mi 1 iizitmm 1 - 3(Dxmmin^^ 

[0 0 6 7] 

m'di)-h. nh ^fzmMm 1 - 4 ~ 1 - 6 (o^^mit^^t. mMm 1 - 2 <h 1^ 
m^z^ \^^-r Mmwm^^ m-r i s,Mn\^ cr^ Aii_b-c o^x-^^z.t 
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htifzitmmi-2, 1 - 3<Dm^mitmiimmm^i^ir:hL i Mn]^ cr 

c A 1 i_b-c Od i±tLX^is:dK T-m.^'^Tf^ir ^ ^hfi^ Z t^^^:^- 
oTto HI 1 0 J: z/lil 1 Uc*Jv^-c^M%^^-rt:-^^tc{i*en^#L7to i"^ 
Jt^l^J 1 - 2 , 1 - 3 {i. Hife^J 1 - 2 , 1-4-1-6 mt-^T^^t? 

[0 0 6 8] 

S IIMfiJ l-4~l-6i3J: Z/it^m 1 - 2 , 1-3 omvtfetioi/^r ^ . 

mmm 1-2 (tPiittc LT#i4M?:^To7to ^4 1 -^^-r ^^^i/itijsit^^m 

#fl:i3 J: TOm^4 ^ 1 - 2 ^ ^*3-ii:T^i-o 

[0 0 6 9] 
[^4] 





(mAh/g) 


:^M^M. (mAh/g) 


mmm 1-4 


220 


140 


1-5 


275 


190 


^MM 1-2 


325 


239 


1-6 


302 


210 


tb^^d 1-2 


164 


137 


itmm 1-3 


131 


114 



[0 0 7 0] 

mAiZTFLfzXoiZ, 1 - 4 ~ 1 - 6 tC<ttL{^. 'J^'^A<7)m 

^a^l. 0 ^ LT^cJt^^aji - 2i3J;C/';f^'>A<^a^a ^ 1 . 6 tLfzitmm 

1-3 J: 19^. '^mmMisxmmnmt/z^^^r±^^j:m^^^hfifzo -t^^i^-tb 

> V^-^AcoMa * 1 . 0J:i9^:^#<l. 6 J: «9 < i"-?) J: ^ H-TtLti' 
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[0 0 7 1] 

tfz. ^ll&^Jl-2, l-4~l-6(7)ft:i:7&^ib^7)^^J:^i;, WLMm&lt') 

L/::<7):t>^ /^^ < ;^^j^[^;{,?^^tL7t:o -r^^-^, 'i A<7)a^ a ^ 1 . 1< 
a^l. 5 5<7)|£Hi*jti-tL{i\ <t i9^§'=^i&«#M^t#'btt^^i:7&?^75-o7^: 

o 

[0 0 7 2] 

(mmn 2 - 1 2 - 3 ) 

xy)M^L. s 0 ov-cz 4mmmff^Lfz:it^m^. mmmi- 1-1-3 1 
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